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Abstract 
The video enhancement is necessary and needed in computer vision and many applications, especially in low 
illumination environment. In this paper, a fast video enhancement method based on simplified VEC (Virtual 
Exposure Camera) model is proposed to enhance dim videos. The proposed enhancement method mainly includes 
two parts. One part is the video filters that we used in pre and post video processing to reduce noise. The other part is 
tone mapping used to adjust video illumination. Experimental results show that the proposed method is effective in 
real time video processing, and results in satisfied results for low exposure video. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
Keywords: video enhancement, tone mapping, illumination adjustment,  color space decomposition; 
1. Introduction 
There are a lot of research topics in the field of video enhancement, such as removing noise in videos, 
highlighting some specified features and improving the appearance or visibility of video content. In many 
applications, the acquired video is not clear to be processed. Some of reasons are low lamination and 
noise. However, high-quality videos are required in a wide range of applications, including video 
surveillance, video tracking, etc [1, 2]. Thus, effective video enhancement techniques, which enhance the 
original dim video obtained by ordinary camera, are highly sought after.  
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A lot of work has been done in enhancing low exposure videos. One of important dim video enhancement 
methods is provided by Bennett et al [3]. They proposed a VEC (Virtual Exposure Camera) model to 
processed underexposed, low dynamic range videos. They use ASTA (Adaptive Spatio-Temporal 
Accumulation) filter to reduce noise, and tone mapping approach to enhance low range videos. Although 
their method is effective and outstanding, it needs a lot of computation for ASTA, and many parameters 
need to be decided. So it is not suitable for real time process.  
In order to enhance the quality of low illumination videos in real time application, we simplified and 
improved the VEC model. The rest of paper is organized as follows. We discuss the VEC model in Section 
II. A fast video enhancement method is proposed in Section Ⅲ,. Experimental results are provided in 
Section Ⅳand Section Ⅴconcludes the paper with final remarks. 
2. VEC model analysis 
2.1. VEC Model 
The luminance of dim videos can be improved by the VEC model and the noise can also be reduced at 
the same time. In the VEC framework, the whole procedure includes two main parts. One is ASTA
（Adaptive Spatio-Temporal Accumulation）video filters used for reducing the noise produced in virtual 
exposure accumulation procedure. The filters used in VEC are mainly based on bilateral filter. Bennett et 
al [3] applied bilateral filter to input videos in space and time field.  
The other important part of VEC model is tone mapping to enhance the light in dim video. Tone 
mapping is a technique used in image processing and computer graphics to map one set of colors to another, 
often to approximate the appearance of high dynamic range images in a medium that has a more limited 
dynamic range. Essentially, tone mapping addresses the problem of strong contrast reduction from scene 
values (radiance) to the displayable range while preserving the image details and color appearance ?which 
is? important to appreciate the original scene content [4]. The tone mapping method adopted in VEC model 
references the method proposed by Drago, et al [5].  
2.2. Discussion on VEC Model 
The ASTA filter is based on bilateral filter which is applied in the spatial and time field. Reducing the 
noise is the main aim of ASTA filter. The spatial Gaussian noise in the current fame is reduced by the 
spatial bilateral filter. And, the shot noise is reduced by the temporal bilateral filter. The ASTA filter 
adaptively accumulates the pixel’s illumination in spatial and temporal fields. The quality of a filtered 
frame is decided by the pixel number to be accumulated. In order to reduce the noise in the tone map 
procedure, the spatial and temporal bilateral filter is also applied. Although the video quality can be 
improved by the spatial and temporal filters filtered fame, it is computational and time consuming. 
Moreover, many parameters, such as variations of bilateral filters and the size of filter, should be 
artificially set. It is difficult to set an effective value for many kinds of videos. 
Therefore, in order to improve the lamination of dim videos and apply the VEC model in real time, 
many experimental testes have been conducted to simplify the VEC model. Our Experimental results 
show that the parameter set in filters are not sensitive to the lamination adjustment, but the filters need 
much computing time. So, we can remove some filter processes in the VEC model for real time 
applications. 
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3. Fast video enhancement method 
This method has three main building blocks, including color space decomposition, tone mapping, and 
filter in pipeline. As we can see, the consuming time steps, spatial and temporal filters, are simplified. 
When the real time video obtained by the camera is transferred into the pipeline, each frame is processed. 
Firstly, the frame is filtered to reduce the noise. Then, the frame is decomposed in color space, and the 
luminance of a frame is enhanced by tone map. Finally, another filter is applied to reduce the noise 
produced by illumination adjustment procedure. The details of the fast video enhancement method are 
described as follows.  
3.1. Color space decomposition 
Color is the way that the human visual system measures a part of the electromagnetic spectrum. A color 
space is a method by which we can specify, create and visualize color. There are a lot of color spaces, 
such as RGB, opponent color spaces, phenomenal color spaces, CMY, CMYK, etc [6]. Different color 
spaces are ?better? appropriate? for different applications.  Some equipment has limiting factors that 
dictate the size and type of color space that can be used. Some color spaces are perceptually linear, i.e. a 
10 unit change in stimulus will produce the same change in perception wherever it is applied. Many color 
spaces, particularly in computer graphics, are not linear in this way. Some color spaces are intuitive to use, 
i.e. it is easy for the user to navigate within them and creating desired colors is relatively easy. Finally, 
some color spaces are device dependent while others are not,  i.e. device independent. 
In this section, we decompose the each fame into a special color space for illumination correction. Firstly, 
we use the following equation (1) to calculate luminance from RGB values of the current frame. 
L a R b G c B= × + × + ×                                                                   (1)
where 0.299,  0.587,  0.114a b c= = = .
Then, we define our new color space. We extract the chrominance values of the current frame by the 
equation (2).   
1 1 1
        R R G G B B
L L L
⎛ ⎞ ⎛ ⎞ ⎛ ⎞′ ′ ′= ⋅ = ⋅ = ⋅⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎝ ⎠
                                                     (2)
The equation (2) is represented as our new color space decomposition. ,  ,  R G B′ ′ ′ are chrominance values.  
3.2. Tone  mapping  function 
Tone mapping is a technique used in image processing and computer graphics to map one set of colors 
to another in order to approximate the appearance of high dynamic range images in a medium that has a 
more limited dynamic range. The goals of tone mapping can be differently stated depending on the 
particular application. In some cases producing just aesthetically pleasing images is the main goal, while 
other applications might emphasize reproducing as many image details as possible, or maximizing the 
image contrast [4]. 
In the pipeline, we use the tone mapping function [3] to adjust frame brightness. The improved 
luminance 'I  can be described by the following equation. 
( )
max
' log 1 1 255
L
I
Lα
α⎛ ⎞= − + ⋅⎜ ⎟⎝ ⎠
                                                              (3)
where L is the luminance of current pixel, max 255L = . α is the gain of illumination enhancement. 
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3.3. Filters in pipeline 
The main goal of filters is to reduce the noise. There are two basic approaches to frame denoising, 
spatial filtering methods and transform domain filtering methods [7]. The filters in the pipeline are 
optional parts. There are a lot of image denoising methods can be used in these two filter parts. Some 
spatial non-linear filters can be used to reduce the noise. Spatial filters employ a low pass filtering on 
groups of pixels with the assumption that the noise occupies the higher region of frequency spectrum. A 
variety of nonlinear median type filters such as weighted median [8], rank conditioned rank selection [9], 
and relaxed median [10] have been developed.  
Some other frequency filtering methods can also be applied in pipeline using Fast Fourier Transform 
(FFT). In frequency smoothing methods [11] the removal of the noise is achieved by designing a 
frequency domain filter and adapting a cut-off frequency when the noise components are decorrelated 
from the current frame in the frequency domain [7]. Furthermore, they may produce artificial frequencies 
in the processed image. 
4. Experimental results 
In this section, some experiment results are presented to demonstrate the performance of the proposed 
method. Firstly, we compare the proposed video illumination method with the VEC method used in [3]. 
Then, the efficiency of the method is also discussed.
4.1. Enhance Quality 
For comparison purpose, we apply the VEC model and simplified VEC model to enhance the dim video. 
The simulation results are shown in Fig.1 where (a) is the original frame, (b) is the enhanced frame by 
VEC model, and (c) is the enhanced frame by simplified VEC model. From these enhanced results, we can 
see that both two models can enhance the illumination of dim video. The almost similar enhance qualities 
can be obtained by these models. In the experiment, 40α = .
(a)                                                          (b)                                                         (c) 
Fig.1 Enhanced results by VEC model and Simplified VEC model. (a) Original video frame (b) Enhanced result by VEC model        
(c) Enhanced result by our pipeline 
   In order to reduce the noise and enhance the edges, some experiments have been performed.  In Fig.2, 
(a) shows the denoising result using FFT transform domain filtering to Fig.1 (c). After frame denoising, 
some details are lightly blurred. Because both the details and noise are high frequency parts, some details 
are also reduced by denoising filter. However, we can use some other filters to enhance the details. Fig.2 
(b) shows a sharp result of Fig.2(a). The sharp operation is using a convolution operation to the frame. In 
the experiment, the sharp operator adopted is[-1 -1 -1;-1 9.5 -1;-1-1-1]. 
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(a)                                              (b) 
Fig.2 Enhance the frame after tone mapping  (a) FFT transform domain filtering (b) Spatial sharp filtering 
4.2. Computation Efficiency  
Because both the ASTA filtering and Tone map in VEC are computational and time consuming. The 
information of pre and post frames is also required during temporal bilateral filter computing. Therefore, 
the VEC model is not practical for real time video processing. In the simplified VEC model, the 
illumination is adjusted only by the information of the current frame. The efficiency of processing 
pipeline is improved greatly. In the real time application, our pipeline proposed can process at least 24 
frames per second. And, the processed quality is also acceptable. 
5. Conclusions 
In many applications, the acquired video is not clear to be processed. Some of the causes are low 
lamination and noise. In this paper, we focus the problem on how to improve the illumination of dim video 
in real time application. A simplified pipeline of VEC model is proposed. The proposed enhancement 
method mainly includes two parts. One part is the video filters that we used in pre and post video 
processing to reduce noise. The other part is tone mapping used to adjust video illumination. Experimental 
results show that the simplified pipeline of VEC model has the similar enhance quality as the VEC model. 
The efficiency of the proposed pipeline is also improved greatly. It can be used in real time applications, 
such as video surveillance, etc. 
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